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/” ~ INTRODUCTION

<

. 7;7‘7;7, oo oo .:i‘, _ _ _‘ .
) The fcentral quesgion addressed in the r’sea ch reported here is what

aiéstbeAE££ectsigif any, of learning a computer programmingglanguage upon the -

learner ability to reason logidglly’

Logical reasoning is an important cognitive attribute of central

'importance in many aspects of life. There is. fairly widespread agreement among

statement follows from others necessarily) is central to both problem solving if”-
.". - i" .
and critical thinking.2 Indeed it is difficult to imagine an-approach to v LA

R [
.‘problem solving that ‘does not include some aspect of deductive\or inductive

~

reasoning. Can 1earning a computer programmi ng language influence the_ .

- learner's ordinary-language logical reasoning ability”3

-

::;__;_@iSZ9EQE2utets_aie—be%hg;pmrcﬁiﬁe&_ior home and school use is increasing e

=
e
__rap d;y and;is.not—likeiy“to‘abate for at least a decade?. In addition,

_the teaching of computer programming has moved downward in the school

.
v

curriculum from college to elementary school and shows signs of becoming

’ wfdespread.5 B _ . : : . 'E: . -

\

&

1f research shquld show that logical reasoning ability is enhanced by

@
‘Hr;\\'
';"
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curricula at all levels. In addition, this me thod of (indirect) instruction in

e :‘ logic could prove to be a viable alternative to the kind .of direct logicv

T -y %

However, should empirical studies show that 1earning a computer

instruction which hg; been largeiy ineffectual in the schools.6 : -

programming language results in learning incorrect" logical principles, then

a warning.can bi

sounded learning computer programming can confound attemptswwrw

to teach logicaf‘ easoning and. thus negatively affect the learner s problem
- solving amd critical thinking abilities. Results Such as. these might lead s a . ‘

collaborative effort between educators and computer sc£entists to redesign -

<

3 certain aspects of computér programming languggés. . : R

'.Conditionai logic statements play a signiﬁicant'role in discoursgr'

G .

logic). In addit on, the deveiopment of logical structures is'a key notion in

Piaget's theory-of cognitive developmént and it is thought that‘the

v

. . -

ontogenesis.of logical necessity reflects the development of these
o - a :f/}/r - h

structures.7

The use of'c

}i_————tremendously“"Ince fhe advent of'microcomputers in 1975; Inexpensive

S-E

microcomputers ¢ personal computers") now cost as\iittie as $200 and. are :

’

—_—

appearing\tn homes and schoois in increasing numbe?:. Between 1975 and)1979

over 500, 000 personal computers were sold in the Un ted States with<an equal

.million units will be sold to first-time bKers in 1985 and that by 199'0 a

cummuiative sales total of-9 million will reached;sb . . . ‘,

hﬂ_
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low cost of these nachines is making computer programming possible for a large -

' number of persons and the educational System is responding by purchasing a

great many machines and by offering an increasing ‘number of courses in .

_cquputer programaing at all levels of the system: - |

.Some educators and poiici-pianners suggest that proficiency:in computer

programming shOuld rank with reading, writing and arithmetic literacy. One

IS

implicatlon is that computer programming should be a requisite for grade
advancemeut beginning as early as Kindergarten; Thus;'the kind of resezrch

reported here is both timéi§ and vital.l0 -

Section II shqws how certain computer programming language statements are

Ay

statements. Depending upon the user's interpretation of these ordinary-' o

- 1anguage conditronai statements, the computer statements constitute correct" \>

) < N
or incorrect indirect instruction in the validity anatfallacy principles of

conditional logic. o ‘ ' : ) -

- question and ﬁhrch demonstrates the importance of~carefull assesjing-th@

logical standards against which logical test items are scored as correct; and

incorrect.; Section v consists of conclusions drawn from this study and a

a

Ed

discussion of ‘the results. . s o il -

I know of no previously published research that demonstrates the
syntactical and semantic’link between computer programming statements- and

logical principlés. Nor do I kiow of research that addresses the effects of

Tearning 4 ‘computer programming language on.logical reasoning gbi11c§;¥f’ _
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CONDITIONAL LOGIC PRINCIPLES AND COMPUTER PROGRAMMING *.

Al Conditional Logic Principles

I BY reaSon logically I mean; utilize correctly légical PrinCiPleSo*';i,,ﬂitiff
Conditionai iogic is a- type of propositional logic that uses the logical
connectives; " f’" "if-then," "only iff" and "if'and only.if" to connect ‘

o antecedent and consequent ordin;;y-language propositions (represented here by .

LS

PR %

p _and q; respectively). I focus upon the "if-then” connective since "if p:

then q" (called the iogicai conditionalestatement) is a fairly commonly used

_deductive necessity. a conclusion follo’[ necessarily from a premise,or’set of

»

‘premises by virtue .of the formal structure of ‘the premise(s) and conclusion ' -

' . ‘\.r N

without appeal to empirical evidence. . P e

it is iogical convention that the ‘binary truth function representi®g the
. conditional. statement renders th: statement trie fét all trath value

‘ntecedeut—anﬂ—tonseq‘emce except when P is true. and q is

-

false. This interpretation:of the conditioéal statement is called material

-impiiéégzgg (orAmaterialeconditional) 12 Four principles of conditional

J

¥ I
logic are of interest here. They can be viewed as corresponding to‘fodr :
conditional arguments. : : ' )
Consider the conditional statement as the first premise in a two premise‘

EEER 8

~argument which has as its second premise the affirmation or denial of elther
N d,- : )
the antecedent orj?bnsequence of the first premise. The conclusion of the

-

argument is either the affirmation or demial of the proposition which is not~ :
T - R Loy . . .

| . - II.' J ..; ) v ‘
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present in the second prtmlse. of these fdur possible arguments twd are valid

arguments (i.e.,’the conclusion follows logically from Ehe~premises)*and two

‘ »

are invalid (i e.; the conclusion does not foIiow logically from the
premises): The arguments and the conditional principles corresponding to them
are (given the conditional statemént, if p then q;; as the first premise)

g ‘shown in Figure l.;3 I _use "p" and q -ag - shotth d notation. Everyday usage B S
- \p’. C .

might find it rains today for p and "Mary carries her’ umbrella for' q.~.

. Thus, the %ﬁ&ftﬁaﬁ& "if p, then q" stands for: “If it rains today, then ﬁary
. e - T . .
carries “her umbrella.» . '

—— .
; .
iy ~.. :

l? Forward Conditfonal. The affirmation of ghe antecedent (p) implies

the aifirmation of -the consequent (q). :

2 Innersion, The denial of the antecedent (p) does not by itself
. imply the denial of the consequent @. v i

3 Conversion. The affirmanion of the consequent (q) does not by itseif oo

4, Contraposition. The denial of the consequent (q) implies the

denial of the antecedent (F).

~

cOnditional statement; "if p tﬁen q:" However* empirical evidence shows that

A
'
N
2
[2A
]
¥
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4in a,biédﬁditional manner (Seidman, 1980&, 1980b) Hnder-this interpretation,

§
'

the faiiacy princtpies in Figure 1 become valid. See Figure 2. A '

v

N
- .2a. Biconditional Inversion. The denial of the if-part'(p) of

the. "if p,; then qf,conditionai statement impiies the deniai
of tﬁe then—part (q). :

=L TN

:mEtconditi05314Ceﬁversionu The affirmation of therthen-part
.(q) of :-the “if p, then q" conditibnal statement 1mplies the
:;affirmation of the if-part (p). .

| f‘iéiﬁré 2. BiconditionalInterpretation of gﬁé “Fallacy”

Principies of Condittonai togic—

~ _;
The biconditional locution is, p if and only if q." By logical . g& .
convgntiou, the bicondgtional statement is true when the truth vaiue oF "p" i;,g
1 . . . ot
and "q" are the eame. étﬁerﬁiéé, the statement is faise. - :
‘ 'i‘ ;-1 _
: o v
. "a :7‘-'
: * ¥ i )
. . > d )
- )
- \ )
< o ,
R :
. ‘ e v~ . 5.
. Ay L
BRI -
. ? 5 7 T {
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- =an- iastruction. Very-simply, the conditional branch statement is the ° -~ % ~

>

encountered which commands otherwise. The conditfonal branch statement 'is guch

-7-
:

B. Standard Conditional Branch Statement and Logical Principlés ~ : . °

all higher-level computer programming languages contain condi Eioﬁii

branch statements. Ordinarily, s:atemenc§ (instructions) within a computet

program are exeCuted in an idvariant sequence uoless an iﬁétructioo ii 5

i p ~ - . . - . Lo .
e . . : .

. - _ . . L e — i — & o . . o _ . o 7.77 "; «
. programmer's way of instructing the computer to alter the natural flow gf y

predicate (or propositon) This is an absolutely Qital instruction ﬁiiﬁooi ‘E
3 which a computer programming language would be rendered virtually useless:

" The syftax of coﬁditioﬁéi'ﬁfaﬁéh statements in di fferent computer
programming languages. ditfers but their logical strictures are similar. The
general logic of conditional branch sta:ement 1s illustrated :
diagrammatically in Pigoté 3. . *

e N N .
o - _
! 4 L
7 _ trith~-# S>——— TRUE —_— P
SR ' . (altered program flow)
Co : . : : A
. Swer .f,-
R : Figure 3. Loglc of a Conditional Brandh Statement - -
. : (tests truth-value of proposition) o
. . i . . A s .
- j; R ’ - /‘ bl
)
. ?i . ' o - ,
. ;.‘ \ : iO s

truth-valie (tfuth-status) of a -~ .~
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value TRUE or FAtSE. I-call “a” the antecedent_proposition.';b is an

al

-8~

-
.
el

The standard conditional branch statementl® can be expressed tn its

:k

general Eorn:asz - } S ) 7 <
IFaTHEND = - &. : (1) |
:where a" is a logical expression (proposition) which evaluates to the truth

N

s

u,er,exprexsion, but ‘Aot at proposition. Typically, = bw—causes~some~acti65m56 be S

~ -
v

carried out by fhe program such as agpigni5§ a vaiue to a variable, branchigg:;__

to another program statement; output of data. or halting the execution of thefz

pfééram. I calt "b“'ff togggsuenteaetion. The 3ener§1 logic of (1) is

Y -

iilustrated in Figyre 4o C _:'_ o -

PO

£low) ey

(Progiam’

N

TRUE =y~ ©

Y
\

Y . N

continue to next statement in program)

|
T

gure 4, togic of the Standard Conditional -
s Branch Statement )

. R

: _ . - A ;
The expression "b" iéfﬁat strictly a ﬁfaaaéifiaa (iE does not evaluate -
el |-

to- ; TRUE or FALSE truth—value) However, depending upon the truth-status of ﬁ

"i{' it is eit trueeorefalse that action b is carried out. In this sense, /

we can;vieﬁ ;bi a quasi-propositional. It is doubtfui that iu'practice such a

sqphisticated distinction 1s made. &ore 1ike1y, the programmer vieégiaszua§ ]

by

v* <

' true (occurriug) or as false’ (not occurring). I uéé trugu and false in this‘

-

manner, in the context of consequent-action, througho’t tﬁ di 7ussion;

L
| .



' conditional statement.. : e -

‘. : | . : L Cé: . ..
. . . : - . . . . ] E ) R :
L ’ 4 X @ : ) ;.

There are two grimarz semantic properties associated With the stapdard

-

1. When the antecedent—proposition 1s true ("a"), the consequent-

'actton wiit EEEEEE%X be true ("b"). Thus, "a” and "b" can co-occur. -

4
-

L4l

T,Sotéi "T"stands for a co%o

‘true, "a" ). Tbus, "at and b" cannot co—occur.

U These standard conditional branch statément properties are illustrated

2. Wben the antecedent-proposttion ts false. ("a ) the Consequent—

action 11 causallz be false G"F”); Thus, "d" and “B" can co~' .

OCCUI‘. _ _,‘ A oo T ,; [ ',_;” -

Ca

properties. : o ' o -

3. If we know that . the consequent—action is true. ("b") then we are

ﬁentitled to conclude that the. antecedent-proposition is not false (i.e.; is -

' L.
4,,ff we know that the consequent-action s fal&e ("B”), then we are °
(i.e., not true,

1entit1ed to COnclude ‘that the antecedent-proposition fs failse

J787): Thus,i"a” and F" ‘cammot’co-ocewr. . o '

a

tn Table 1. el : ' o

, _
. -

. GO-ﬁGCURRENCES FOR "a" AND “b"

e e R e e . . -
: e —~——‘—"‘“\M~_ . c e
. . T——,— U

Antecedent- ; - Consequent-_»,. Co~occurrence
- - Propogition - - .‘Action ' o

-

I
_ orlb“o'\laﬂ
" |y

. ’ ,:. .'."'FIV' -‘-, T

cCurrence and F stands for a non-occurrence. i -

- - 5
- s

 Properties 1 and 4 of the ;ziaaaa;a rFonditional branch statement are
.Eonsi356§t;”7tﬁ (or mirror) the validity principles of condi tional logic AT- '7 )

‘j(Porward'Conditional and Gontrapositon, respectively}. Properties 2 and 3 are

-

inconsistent with (or do. niot mirror) the failacy principles of canditional

logic (Inversion and Gonversion,_respectively): This is,becansé Propértiés 2 - .;~
. s S ... o - . S L
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and’3 allow us to draw deffnitive conclusions from the presises whereas we

- are not permitted to do So under the material condftlonal interpretation of

[

L {

-

cbn&i:idnai,ibglc.

"B co-occur. In a siatlar sense, we can comsider the standard conditional
branch statement as false (or invalid) vhen *5"5na "b" co-occur or when

statesent mirrors the biconditional intérprEt&tion of the 'i?-Eﬂen'

ore is permitted §6 draw under Ehe‘siconaitibnai intérpré;a:ida of the -

a

couditionxl statemint. See the valxdity principles in Figure 1 and the ,

biconditional fallacy principles in Figure 25

If it f? the case that transfer of learning from standard conditional

branch statements to ordinary-language conditional statements occurs, improved

~performance on the validity principles of conditionai,logic ts expected to

statements .(i.e:, Eiteriii conditional or biconditional)x This assertion (all
other-thiiga being équal) 1s refléscted in the following two informal

hypotheseds

»

: Informal Hypothesiscic tearuing the standard conditional branch

statement might tend to improve the subject s performance on the validity

—

Infornal Hypothesis 2. Learning the standard conditional branch statement

' might tend to Improve the subject's performance on the validtty principles of

‘;conditiqgalff’gic under the biconditional interpretation.
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conditional manner, then rediced performance is to be expected on the

material ¢

. hypothesis.

. Informal Hypothesis 3. Learning the standard conditional branch
statement zight tend to reduce the subject's performance on the fallacy
principles of conditional logic under the material conditional interpretations

‘Finally; 1f it s the case that transfer of learning occurs and subjects,

interpret the qrdinary-language conditional statement in a biconditional

)

[
| Y
AN
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d Logical Principles --

The standa’rd conditional branch'statement is but one type of conditional -

branch statement used ia computer programming languages. Another is called the
IF-THEN-ELSE conditional statement (or explicit ELSE) and it is used in many
popular computer languages;.15 This statement has the general form:.

IF a THEN b ELSE ¢ | ()
where "a” is a p're&i'ca'te that evaluates to the trath-value of. TRUE or FALSE:

As with the standard conditional ‘branch stétemeﬁt; we call "a" the
= :

antecedent-proposition. “b\_a”’ fe; ére expressions, but are not propositibﬁs.

. ac*ion-i and consegnentiactioniz, respectively;

The explicit ELSE conditional branch statement has the lbgiéal structure

L fRUE__ N

= <

(execute action "c”)

Figure 5. Logic of\\he sxplicit ELSE Conditional Branch Statement

Like the standard conditionai ‘statement, there are two primary semantic

- propertles assoclated with the explicit ELSE cenditibnél;bréﬁcﬁ statement:

.

Fhl\n

S - ‘
- ‘.‘ N % ) .

°
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__.1. When the antecedent-propositioniis true ("a "), consequent-action—l
will causally be true ("b") aﬁd consequent-action-Z will® E§E§§£%Z be false
(“E“). ) .

2. When the antecedent-proposition is false ("'"), consequent-
:action-l will causally be false ("B") and consequent—action—2 will

causallz be true (“c “) . . R

- O S - )
Four derivative semantic properties can be dramrfrom these primary

-

semantié properties: . . - . | o e

-

] 3. If we know that consequent-action—l is true (" b"), then we are -
" entitled to conclide that the antecedent-proposition is true ("a”"). We are

also entitled to conclude that consequent-action-2- is faise ("'").

“

\;- 4, If we know that’ consequent-action—l is false (“8"), then we are-
entitled to conclude that the antecedent-proposition is false ("3"). W°

are also enti to conclide that consequent-action-2 1s true (" "
S If we know that consequent-action—2 is true (" "), ‘then we are
entitled to conclude that the antecedent—proposition is false ("3").2We

are also entitled to conclude that‘consequent-action-i is false ("B5").

7767 If we know that consequent-action—Z is false ("€"), then we are . -

entitlei,to conclude that the antecedent-proposition is true ("a"). We are
‘also entitled to conclude that consequent-action-l'is true "b"™). R

' ~fhe co-occurrence combinations for the antecedent—proposition and both.
s 7 ]

consequent-actions are shown in Table 2. - -

v : . - e 4
| mamE 2 o
CO—OCCURRENCE OF. EXPI:.ICH‘ ELSE MEGEBENT—PR@P@SITI@N B
- ) S~ AND. eeNSEQHENf-Ae'fieNs ' :
 Antecedent-  Consequent- 'Censequent- o ;
y —Action=-2 - = Co~occurrence 7 -

...W\

.

o N M e ML B T T

.

o e i Wl
- olo alhiolo oo

v -

Note: ‘"T" stands for co-occurrence and "F" stands for non-co-occurrence:

.d'\4
A,



, consequent dctiors,/

- antecedent-proposition (”a’)« L R / .

o e T

The explicit ELSE conditional branch statement is nnlike the logical

-

;conditional “if-then statement in two respects..

not propositions bnt~can be considered to- be'quasi-propositional.

2. Each expli it ELSE conditional branch statement contains two
(or two quasi—consequences) ‘ é :

The first difference is not important providing that programmers do not

make the kind of sophisticated distinction that we have made between

' propositions and qnasi—propositions;'Ihe'second difference warrants,;

- . e 2
- ’
g \

exploration; - T ) i';/f

1. Explicit ELSE Conditional Statements and Logical Val, ity Principiés

S . .

- The presence of two expiicit ELSE conseqnent-actionSﬂ(ane.affirmedf

;Eéﬁéeéé the other is denied) make the relationship between the explict ELSE
) ’ o 0 \ . )

_ conditional statement and the validity principlés of conditional logic

""Somewhat conpiéxi*fné;ﬁorward Cpaditional principle permits us to\affirm the

W

(singﬁlar) consequent given the affirmation of the antecedent. In the explicit

a
1

EtSE version of the‘Forward Conditional we areaentitled,to affirm \

\

consequent-action-l ("b") and at the same time to- deny consequent—action-Z

.kf-"fjlgiven that the antecedent proposition 1s affirmed a"y.

Similariy, the Contraposition principie aiiows us to deny the antecedent

J

hand, the denial of consequent-actionj2 ("‘") entitles us to affirm the

-

; ‘

Thus,.ye can say that ‘the explicit ELSE conditional branch statement is
N

in -some ways consistent with the conditional logic validity principles and in
other ways 15&6&&i§£éﬁ£_ﬁi£ﬁgiﬁé§é very same,principles; This makes it, at

<

~J

Fa
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5 (T,
<

best, confusing and I-am —led to conciude that the LOGO conditionai branch

Q‘statement is inconsistent (does ‘ot mirror or is incoﬁbatibie) with the

conditional logic vaiidity principles under either the material conditional'or

-

: the biconditionai interpresation., . L : : S
. ; . St RN

tearning explicit ELSE conditionai branch statements might indirectly

affect the programmer s ability to handle the if then iogical validity '

principles. This as we shall See in the next section, may be contingent upon

7

the programmer s interpretiue model of the explicit ELSE conditional
. - - . . T a el T - .
statement. i " '77 '. ‘ ' \ ' o . . .
> ) - B . - - S \\ . ‘ . s
-?rom the above, we -can- develop two informal hypotheseS' -
\ - n\ B
Informal Hypothesisi5{,Learning explicit ELSE conditional branth

statements might tend to reduce the subject's performance on the validity: -: 3

principles of conditional logic under the material conditional 1nterpretation.,f,
- - - [

" : pm—— - )

informalfH?pothesis 6. Learning explicit ELSE conditionai branch

'_statements might tend to reduce the subject’s performance on the validity
principles of conditionai logic under the biconditionai interpretation-

2. fgxplicit EESEiﬁonditional Statements anditogicaluFallacy Principles\ . ,§

The faiiacy prfnciples of the iogicai if-then conditional, under the

material conditional interpretation, do not permit us to draw a conclusion

based upon the deniai of the antecedent nor do they permit us to»draw a

da conclusion based upon these conditions. Thus, T am ied to conclude that‘in
this respect, the iogic of the explicit ELSE Conditional branch statement is

.inconsistent,(does dot mirror -or. is incompatible) with the two f 'j .
] : ;,;A.;

principles of conditional logic (inversiqn and Conversion),wunder the material

-,,O

. - R _
B .. P

conditional interpretation. | - : S S
n\tﬁ

P

%owever, when the conditional logic statement is interpreted i
A
bicondktioual manner,_it is permissibie to draw a conclusion .based upon the.

denial of ‘the (singular) consequence. See Figure 2. This fact shouid not tempt

.
’
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us to jump to the conclusion that the- explicit ELSE conditional branch '

'material_conditional interpretation but consistent under the biconditional
; interpretation;'.—6learly;,the-deﬁial of the explicit ELSE antecedent-
proposition entitles us to affim one consequent-action._In addition, the -

_affirmation_of one of the explicit ELSE consequent-actions (b) permits the

N

'affinmation of the explicit ELSE antecedent-proposition, but affimmation of

/

the. other consequent-action (c) permits the denial of the sgme antecedent— :
&

Q¢

proposition.;

" At best this makes matters confusing and at worst I am 1ed to conclude,

Y

tearning explicit ELSE conditional branch statements might;affect the
programmer s ability to handle the "if—then logical fallacy principles. From

' the aboVe, we can develop two informai hypotheses. - ';_';°'

Informaiiﬂgpothesisfif,Bearning explicit ELSE conditional branch

"'statements might tend to reduce the subject's' performance- on;the failacy .

principles of conditional logic under the material conditionalv

i'interpretation.
-

Informal‘Hypothesis 8. Learning explicit ELSE conditional branch

statements might tend, to reduce the subject's . performance on the fallacy

N principles of conditionai loéic under the biconditional interpretation.

-

- The analysis of ‘the eXplicit ELSE conditional branch statement that"' oL

: leads to the above informal hypotheses reflects one of two distinct ways éo

-

'interpret these conditionals. I call the above interprefation the exglici

- ELSE interpretation to distinguish it from the implicit ELSE interpretation

r o

described in the next section. - s 7 _—,'

T S

o

ha

r.q
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D:  Implict ELSE Interpretation and Logical Principles

.Considet again‘the standard conditional branch statement: -
- * 'fipam’_;s- I _— (1)

This statement can be interprecéd

- . IMa THEN b [E;SE c] | S &} ]
e 4 | :
f?ﬁéte "¢” stands for go to tﬁé}ﬁékt sequential program statement.? The

brackets serve to. indicate that the ELSE clause is concealed or impiieds

A i
s e

There is another way to. render (3). It is a way that better]reflectsﬂthe’

<

implicitness of the ELSE clau>e. o “ P ¢ B o
: b. y 3 Lo IF a THEN b [ELSE;S] e

This rendering deans that 1f "a” is false ("'") do not carry.out
vconsequent-action "b" ("E").‘ W ' | o ‘i;.ﬂ-r -

Consider the explicit ELSE conditional branch statement - repeated below
= : o 2 HEn b ELSE v . ée}.

If it is the casé that ‘the subject. focuses upon the first consequent- .

action ¢ b ) ﬁhen;dealing with these conditional branch statements, then
aithongh 'EESE c is es plicitly preSent in the statement this clgﬂgg‘might be
N 5
4interpreted in a secondary or. impiicit manner. This pcssible interpretation is .
v ’ . . .
e N

illustrated in (4)

If the ELSE. clause is interpreted in this manner then the logic of the

'explicit EESE o ditional statement reduces to the standard conditional ’

aﬂ*

' sta;ement logic (see the four standard conditional branch statement r
. 7 Y
properties).lThis interpretation was suggested by the way in which subgects 5

.4'sometimes expiainedi'be operation of the LOGO conditionai branch statement to } :

) teachers during the study reported here"'f6 Under this implicit
; - . A :
interpretation of the LOGO condqsgonal statement, the semantics reflect and ;

are consistent with the biconditional interpretation of the 1ogica1 “if- then'

&
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conditional statement and as such are thus consistent with the valléity

—
~

\_/

/
under the material conditibnal interpretation.
under an implicit ELSE

iﬁtéfﬁfétitién, ﬁigﬁt af}ect the child'é ability
logical principles: From the above, we can see that the informal hypotheses
‘that could be generated here wEﬁla be identical fo Informal Hypotheses 1 - \\\;
the standard conditional branch statement, 17 N

Learning tOGO conditionai branch stateaents
to handle the "if-then

' through & for th
With this analysis complete, I now present an experiment that’ tests the
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y THE EXPERIMENT AND RESULTS - . .
The computer programé%hg language chosen for this study is LOGO, ‘a
N

,language which utilizes the iF-TﬂEN-ELSE conditional brarich statement. LOGD is

.a EfSP-likels computer programming language with an English—ltke syntax that

.

This study makes no attempt to directly determine which.iF-fHﬁN-EtSE

<
interpretation (explict or implicit ELSE%,holds for subjects nor is there any

i

attempt to determine whether subjects interpret the logical conditional =

.@f .

.statement in a materiai condiﬂional or biconditional manner.. Determinations

~

' Such as these are fraught with methodological difficulties.20

To try “to answer the central Te\earch question a post—test only costrol

. - N

gr0up design was utilized. It is one of the three true designs deScribed by

Campbell and Stanley (I963) 21 Subjects in the fifth-grade of a public

N . s

';'eleﬁé;‘rtary school vere randomly s‘électei\ for the experiment and then randomly:

plaéed in—either the experimentai or control group. Fifth—grade students .

.‘(10—11 years of age) wvere chosen since previous attempts to teach LOGO

:programming to this age group had been highly successful (Papert, 1972a,

Statz, 1973} and the empirical data on this age group's ability to utilize o

~ RS
correctly the principles of conditional logic‘was extensive;22 7

i
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\Eéiiééiéf tests measuring their conditional réésoniggiabiiitiéé. These ‘tests: .

LA

\ - were scored in two distinct ways: i; using the aaééfiéi4éaﬁai£iaﬁ&1
i interpretétion as the standard of correctness of test answers - and 2) using the
\ e =

:\ bicondittonal interpretation as the standardgof correctness of test answers. -

.See Figures 1 and 2._Clearly, scoring the measures under oniy one interpreta— e
l t"' - - = :

The experimentai and control groups were statistically compared within both-

,,,,,,,,,,,, o« -

e . . . . .
. [ . R4

B. SubJec s and Their Environment P S

~ This étﬁ&y.wié &Sriiéasaut in an elementarv schooi~sérving a réciéiiy -

'mixed Suourban neighborhood in Syracuse, New York. The school was fuliy

integrated having about equal numbers of whites and non—whites in each grade.,

] - ' R . B

-

* The children came from families that spanned the socioeconomic Spectrum.3

.

,-

for this study becaus their age grOup

ISR

Fifth graders were chaseg

d=velopment, close to the transition period into formal,operat-ons (Inhelder J

.

. and Piaget 1958) All if h gragde. teachers were highly cooperative with the .

- /'.—. t
experimenter and 42 fifth graders were- chosen at random~for the experiment. Of

" the 42 21 were randomly assigned to the experimental group (EG) and the other

-

'.21 were assigned tolthe control grdup (CG). 0ne subJect dropped out of the EG

(3

midway through the experiment (the family moved-Out of town) and was not

.

replaced.

‘The fOIIOWing data were obtained for each child in the stddy 7‘}' o
S o . : . (:

. 1. chronological age- DT
©- 2. sex .

. ' 3.istandardized achievemenc scores (California Achievement Test) -

¢

4s scores on. the Smith-Sturgeon Conditional Reasoning Test (Eanis, 1969)
. scores dn an abridged version of The Cornell Conditionai

Il

”1980a) - ',7 : _,&

4

Q\'
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fhe ffrst three items Were obtained from school records and are reported in,

- - s -

vTables 3 and 4 .1Q scores were not available as :a matter of School District :

~e

policy. The remaining data items were obtained at the end of the treatment

;_tperiod (except for achievement pre-tests which were administered prior to the;ﬂ-

. . . _ , . . L &
D, YL ” ..\ S T R

i‘ TABLE 3 - -

Mﬁtssg FEMALES CHRONOLOCICAL AGE AND TdTAkS

Males ..  ,Females . ° ‘Total . * BN
::.' ;' ﬁ‘. . éA SN 'é?f'l:_—",i.‘ii{.;;:, ‘CA oot
- ﬁi .Tﬂ E 5: e R S BN
EG . 7 139:14 - 13 G 135,00 20 7 136,45 7 . o
: o g (6:87) . - 46.99)  °  (7.08) §
| ..? . - // .:&‘ . a: v L ‘:?} ) :
1 GG - 12 139.75° - .9 446:78 .2 140:19. "
s (15.06) - (10:07) . | (1287)
1 - g PR . .3 o - .

iNote' Number (N) mean chronological age_ ln months (CA) and standard ‘deviation
* . of CA (in parenthéses) of males and females in the experimental (EG) anéd
;'cortrol (CG) groups. f\ T . . - N '
. o . 7‘ 7 S ',7 N '
o - Pre and post-test (given immediateiy before and after the LOCO
-jexperience) achievement scores were ava
. b} .
1; one-wa)?analysis of variance between ‘the* experimenta:l and control grroups on

, all six _pre-test achievement sco:es found no statistically significa”'

\r.

(hereafter, significant“) difference betweeFT:§e two groupseiThus, the random

: selection and assignmentaéf subjécts seems to have assured no sfgnificant ,_~:1'
\4

di ference between tho two groups on these achievement meaSures.'
- . ; , ]
,:'» Similarly, a one—way_analysis of Variance between the two groups on "
v REE

l

%indicate that the experimental treatment (learning to program in LOGO) did not

significantly differentiate the two - groups along these achievement meaSures.

(-,- - . -‘,

[~
o
s

b T
5
(




T ;k B - . TABIE 4. | ’
iﬁi AND.POST-TEST AG&IEVEMENT scogss roa;gxgsg;ﬂnﬁrAL AND CONTROL GROUPS
CALIFORNIA® ACHIEVEMENT TEST'"
PRE-TEST g POST-TEST
mmc\ MATH o . ORERDING HATH
Vocab= Compre- \ _ Compu- Com~ . Vocab Compre- ~ Compu-  Con- o
ulary~ hension Total tation crete  Total  ulary hension Total tation crete Total
. S — . ’ ) : = .

2872 250 - 5372 38.41

(7:19)  (7.5)  (14.05) {(12:5)
29.1 2110 49:89  40.58
(6:76) (7.82) (12:63)  (9.84)

tics.

25.83 640 27.25  25.3 ' 52.5 4L.2  30.75 71.95 -

. (8:43)  (20.09) * (10.28) (9.2) (18.6) (1&23)__(6 ). jar. 93) .

29.68 70.26 5" 29.9 . 26:10 56:0 4647 © 3221 ,w78 TR

(6.76) (13.87)% (6:24) - (8 42) (12, 9) (9 0) (ﬁ.BJ (12 39) -

. . . .«
\N

h

fean achievement raw scores and standard deviation§ (in{parénthééééj. ﬁiééihg values éféfiiéiﬁ&éﬁ ffémfihé

-r

k.

S -Tem
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A compariaon of thc pra and po-t-te-t lchioveilent scores for the EG was

. . . )

performtd by a repelted measures test (Morrison, 1967— 13331615. Siénificant
\e.

~

';subscore (r-ra.zs afat, l7)~and for the math total score (F=10.8, dfsl, 16).

Tﬁis same anaiy-ia perforued on the control group found significant.

P P e i Sl ST

differences. favoring the post-test; for reading total scorea,(F-é 65 df- y

18), math conputation subscore (F=5.34, df=1, 16) and math total score »
. - o

(F-?;os df=l; 186): L ‘;r , ; T 4

N

}%r fhis anaiysis uhows that the cG imprqved significantly in their total

readiﬁg ﬁcore bqt on all other achievement mcxsures wvere identical to the

experinental group. . . i L
'C... Educational fiéiinéﬁiA

fltnes to the Syracuse University PBP-ie computer were situated, along uith the.

Eﬁ LOCO Thrtle, in a -gection of ithe mathematics laboratory in the -school.23 The

- mthemt-ics-iaboracory was a separaté.rooﬁ that serii’e’d the school a’s‘».-a

resource center for mathematics skill building and enrichment.VChildren came -

! to do LOGO work 1n groups of fours and on a scheduled basis one hour

sessions, twice -each week for a total of fifteen weeks. This meant that each

child in the EG-received 30 hours of LOGO instruction and ‘experience (all

missed périods were nade ﬁ§§. Each chiid hZK‘Exeiusive access to a time—shared
teletypewriter and the childfén in each LOGO group tock turns using the

?urfié;~fhere were always at least two L0GO teachers present at each of‘the

sessions, ~ . - N

LOGO programming was taught to the EG using aaguidedeproblem centered

approach modeied somewhat after - Papert s work uith children (Papert 19725).
After some very basic instruction in the use of the teietypewriter and Turtle,

.the children were encouraged to generate their own projects and ﬁrohiens;

o

¢
U
.\‘!
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The LOGO teachers had a range of problem types that they suggested to the
children so that they would encountar and learn various LOGO programming

concepts: All teachers triéd to incoroorété a series of LOGO concepts into the

A
L s N

- oo R TR LT LT T 'f el Ll e R

1. familiarization with machinery, typing, signing on and off

2. . procedure form — TO, END, and useé of PRINT :

3. te1etype designs using PRINT W

4. simple Turtle procedures using the ?urtie commands: FORWARD,
BACK, RIGHT, LEFT, PENUP; PENDOWN : -

-

5. use of subprocedures with teietype and Turtle

6:. use of open-ended recursion (i.e., no limits imposed to stop
- the recursion)

7. introduce NAME, THING?andW;he use of in§Uts )
. 8. introduce SENTENCE SENTENCES; WORD and WORDS
" 9. introduce RANDOM

10. introduce TYPEIN-and some interactive games

11.  introduce the conditional statement: IF-THEN-ELSE

12, use of full recursfon:with inputs -
13:  use of stop rules and limits )
14,  use of recursion, OUTPUT and coubinations of procedures

‘using OUTPUT.
Figure 6. List of LOGO Concepts and Approximate Order Introduced
(Adapted from Statz, 1973, Figure 11)
Projects and problems chosen by the children with teacher guidance

= ggperally broke do;;iinto three categories si@glegprojects p;ojects

1

J

utilizinggvariables, and prgjects utilizing decisionggoints. See Figure 7 for

some examples provided by Statz (i973) No order of encounter is implied by

the list. LOGO teachers (With,extenéive ;raining) guiaéa the children thraugh

taught. Although the children did much of their EBGG work alone, they were }

encouraged to help one auother and as a result .a convivial and cooperative
“~N , - S o

atmosphere pervaded the sessions. o




Simple Projects

to be printed; combinations for complex figures, 'simple

B recursion”
2. Turtle Projects - designs done with strings of turtle comnnnds,

I: Teletype Projects - designs of initials, animals, figiires

complex figures using several subprocedures of simple designs,

"simple recursive” circles and near-circles

3. yewigoncepts - procedure, subprocedure, editing, recursion -t e

;,L,:_ri;;;.f S ﬁitné___ O O -

4o New 'LOGO Commands and Operations - TO END EDIT SAVE GET

|

P

LIST, ERASE Turtle commands

?onects'with Variahles‘

i

] arithmetic or language games -
2. Turtle Projects = expandable figures
3. New Concepts - inputs; variable names and valies

1. Teletype Projects'- procedures with variables as inputs to

4.  New LOGO Commands and Operations - MAKE, TYPEIN, string
operations ,

ls Teletype Projects = games with limits and conditional branches
- Turtle Projects - designs built on arcs

3. New Concepts - limit, stop rule, conditional

&, New LOGO Commands and Operations - TEST, IFTRUE IFFAtSE GO TO

LINE; relational operators, [IF—THEN’ELSE]

-~ Figure 7. Categories of LOGO Projects
(Statz, 1973 Figure 12) '

A central focus of the LOGO experience for the children was leatning to

zent . within theif‘téeé'procedures; The

use tﬁe LOGO conditional branchfsta

éiﬁéfiﬁéﬁiai group was taught the ;iFi’ N-ELSE" form of the LOGO conditional
branch statement. The children were usually exposed to the LOGO conditional

\ branch when they needed to exeCute different parts of their LGGG procedures

depending upon the value of a‘particular LOGO variable: These kinds of,‘

'sitnations aroge often in game playing and quest o asking/answering

-

proceduresy Children also needed to acquire the concept of LOGO conditional'

‘ branch when limit points fn iterative and recursive procedures were needed.

]
)




, :25:

N : . ~

Four stages of acquiring L0GO condit}bnal branch statement syntax and

semantics have been identified by Statz (1973) They are:

1
1. Introduction Stage. The need for conditional branches usually crops

up in the context of a probiem situation that the child is working on. For

example, if the child 1s writing a number guessing procedure that compares a

randomly generated secret number _against a ‘user's guess, the teacher might

.' 'f:’iIIUStr&te a- “lution such-as-this:- T oIl T T T I o m T T o

1 ) _
3

510 IF :GUESS = :SECRET THEN PRINT "RIGHT" ELSE mﬁr “'w’ii’oﬁc* ‘

-539;" inclusive. The teacher might demonstrate this solution'

>?T0 COUNTUP X 1Y
>10 PRINT :X -~ - . S
>20 "X~ (: X+1§ ' . S
>30 IF :X  :Y THEN STOP EESE GQTO EINE 10 " ; o
>40 END
It 1is in this stage that the semantics and syntax of\the LOGO conditional
branch statement are illustrated and introduced to -the student.

- <

2. Structure and- Re-e;planation SEage. Sometimes children need help in Lo

,determining just where -in their. procedures to place the conditional branch.,

" 'These are structural problems and are not directly related to the syntax and

x semantics of the conditional itself. On the other hand, children sometimes -

need a re-explanation of the general aspects of the syntax and semantics of

the LOGO conditional statement. Misplaced and fragmented conditionals were

found to be frequeit. at this stage of leatning the LOGO conditional ‘branch
statement. . . - :

. 3. Remindigg,Stage. Here, children need only simple reminders about the
syntax and semantics of the LOGO conditional branch statement, rather than

re—explanations. Often, children compared the wrong variables in the logical

- expression and SOmetimes they‘would mix up the placement of the THEN and ELSE

correctly within their procedures and t r3tood the syntax and semantics to

the point wnere ‘wery few errors occured.

Aithough LOGO teachers were especially concetned that all children reach .

.ithis last stage, not' all of the subjects in the EG achieved the Fluency Stage

-

(see next section)t

-

Qo
(=
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D. Measures and Results * S . .

i EGGG GonditionaieﬁrancheStatement

The LOGO Conditional Branch Test wag devised to. test how well the EG

understood the semanticé of the LOGO conditional branch statement. The " R

-in Seidman (1980a)- The test measured Four asgects of the LOGO conditional

Brauch statement logic. These aspects, in their genmeral form, are showm in

Figure 8. 7
g . e
o | | N |
1., AFfirm Antecédent: ‘Glven that "a”-is affirmed, is it true that "b"

-occurs?
2: Deny Consequent: Given that "a" 1s denied is it true EE&E et
- occurs? . ‘o o , Lo T

3. Consequent=Action"b" Occurs: Given that "b" occurs, is it true that:

"a" is.affirmed? _ - o g
4. Wo@ms. Given.that' "c" occurs, 1§ it true that

v - "a" is denied? , s

- Tested by LOGO Gonditionai Branch Test o .
(The Generai form of the LOGO conditional statement is :

e IFaTHENbELSEc) ;

In the test, the antecedent-proposition, ‘a always consisted oﬁxtWo

_ A
integers connected by an equai signs Gonsequent-actions,- b” and c,‘ always

consisted of a PRIVT command that output a very. simple and familiar word (a
ﬂ

toco literal). QueStions L“and 2 in the test were desigﬁéa to‘aétermine

whether. or dot :hé subject kﬁéw that "a" was trﬁé when two identtcal aaaséié :
’béré connécted by tpe equai sign. Questions 3 and 4 in’ the test are designed'

to determinefwhether ‘the Subject correctly understood the workings of the

-

1: through &._ 7 t _ L 7 ‘ B ’ o | .5 |
| o o - . A
' . /" 6‘_ -B}’ - [d i
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A,Metest;had four answe'rs: to choose from. The -last- ‘twWo - answers were- aiwayS"”';‘15

’; . 3 ) . : - ) ) \

questions for each of the four aspects of the tOG@ conditional branch
! L. -

statement. These questions were randomly arranged with the proviso that no: tWO 7

! S

questions in any one categoty could follow -one another. Each question in the

l.

/

c.) can't te11 from the information given

) on't Rnow._ : R . o "‘ P i";

e

1

The correct answer and an incorrect answer were randomly assigned to- the ‘

first and second answer choices. Scoring was quite stringent. A subject’was

.7‘ _% .f 7 ) STy

‘ .
given a correct. score on a question nlz if he or she chose the correct answer .

- ‘ - [

6ﬁ the teiétypéwrite'r. The squéét and the tester also pretend that ithe

tenminal" responds. The "XXXX" box in the exaanES indicate the part of the

-

Table S shows the means and standard deviations of the EG scores “on each

of the four aspects of the LOGO Conditional Branch Test and the total scores:

“In addition; the table shows what percentage of the subjectssobtained 50r 6’

correct answers (out of 6 for sach ispect), &4 correct answers and less tham 4

-

correct answerss

BN

: tester_pretends;»with the subject, to type»a EOGO conditionai branch statement~



: )
"rf A.frﬁming;thLAnteeedent
?2IF L8 = 18 THEN PRINT "HORSE" ELSE PRINT "COW"
XXXX-_ , o Answers , . T :
K . -a. COW '
RE oL S bs HORQE
& . R - c+< can't tell from the information glven
; T L ;d. don t know iR

. e e g e

= -sample,Correct Reason for Correct Answer, "HORSE": * Since 18 is equai to
: 18 ﬂORSE gets printed or "HORSE is printed because 18 is equai to 18."

— . . ) .

2. Denyinthhe Antecedent N D o
. ?;E 15 19 THEN PRINT "HEAD ELSE PRINT FOOT
XXX - ik i-;Answers o s
U x-.ﬂ,,'"'}; ' a. HEAD" . - -
B R : " . . .b. rOT - .

c. ¢an' t tell from the info nation given

R TS don"t ‘know \
o JS4L” e An: j -, "FOOT" 1"15 is not equal to 19
} so FO is printed" or "FOOT is printed because_IS and 19 are not the same.”

- 3 —Consequent-Action‘"b Occurs ' '”? v ’
_ "IF XXXXX. THEN PRINT ROOM ELSE PRINT PENGIE S e T
- ROOM . S Answers. . -
' ' ;0 as 30=30 : = .
. b.a37=35 ot
- sl can't.. tell from the information givén
'd. don't know ';_'; ER

. Sample Correct Reason for Correct Answer 'c30?3ﬁ4i, RGGM” had to be
_ printed because 30 equals 30 must have been under. the box" or’ "it must have

been 30-30 under ‘the box because RQHH was printed. L

TR AﬁonsequenteAc;ioneeeggoecurs'~ :;I:”. - ,;7 S

I

’IF XXXXX THKN PRINT EAR" ELSE PRINT' NOSE"
NOSE L . 7" Answers ' o
Lo ‘a. 52=57 . ... - T
b.~55'55 ..‘
c:’cant tell from: the information given
. =~7; don t know o - ni

i C e _f, : ; ', X

Figure 9: Sampie QueStions 060 Con&itional Branch Test _

and Sampie Correct ReasOns for Corfect Answers_

«

X



L TABLE 5

TOTAL SCORES AND SUBSCORES ON LOGO CONDITIONAL BRANCH TEST:

-

Consequent, €onsequent

Affimm - Eéﬁil ' Action co Action

,":‘-:;,:;:fj::::.::,;:-, Aﬁié 777777 __Antecedent § “c" oececurs- - Totél -
Mean . 5L }ES5 &2s 4l . 7.4
- —— . ) v M _ . ) ) o -
. Standard - .
" Deviation - 0.45 0.22 . 0.639- " 0:447 - 1.07
‘5. 0r 6 | T - .
Correct 95 . 0 25 . - 15 +:
4 o . . o N . . g — . .;,-
~Correct - . 5 95 . 78 80 °
- o o ’ . . 7 ) o
‘Leéss Than = _
N 5 5

4 Correct .~ 0 .-~ 5=

-o:—————— -——

or.more of the experimental group answered 4 orsmore,of the questions

'éarféétiy; If we use the Ennis criteria for mastery of logical conditional

. -
. . -
- .

“statements (Ennis and Paulus 1965), we can say that for reach’ aspect of the -

LOGO conditional branch statement 952 of the experimental group satisfies the .

5 . -

*

v In a&dition, if we "define LOGO conditional branch statement ;z as
'meeting thessufficient,condition for mastery (5 or 6 out of - 6 correct), then
we can say that most of the experimental subjects were fluent on affirming the

e

antécédént but Véri'few were fluent on the other three EGGO conditionai branch

- {asﬁéctsa_ﬁoﬁérér;-if‘he define being in theAReminderAStage,as meeting the

jnecessary condition for mastery (at least 5 out: of 6 correct); then we can ga§'f‘
that at least §52 of the experimental subjects were at tﬁis stage for each of

_'the four LOGO conditionai branch statement aspects.

-

r

o

M




2. éfiﬁéiﬁlé’s’ of Conditional '1’—,3g’ i ei

. There are a number of ways re ear chers have gone -about measuring
'performance on the principles of cOnditionai logic.zﬁ In this stﬁdy two

d/giénct measures devised By Ennis dnd his Essociates were used. an abridged

7%:;Versi0n of tﬁe corneii Conditional ReaSOning Test Form X (CCRT) and the &Vh

- -

,Smith—Sturgeon Conditional Reasoning Test (SSCRT) The CGRT (Ennis and Paulns, '

1965) is’a paper and ﬁéncil test and-the SCRT (Ennis 1969) is a concrete

1 . . K
N . . o
~ T — <

manipulation test, and were: both devised to measure the same principles of

.conditionAI feasoﬁing. The two tests are complementary in that the SSCRT was -

.:)

a{‘ Cornell Gonditionai Reasoning Test.

;iﬁ abridged version of the Cornell ConditiOnal Reasoning Test, Form X was
igzused in: this study to meaSure both the eontroi and experimental gtOup s
.'iunderstanding of the fOur principles of condi(igggl'logic (see Figure D. The

:?originai test was cut in half for this purpose; as Ennis and Paulus (i965) .
tﬁo questions from any one item group appear on the same page;_@he two,itéﬂ :
groups of questions pertaining to Transitivity are excluded from the data

| anaiysis reported:here; o o o' e o Q .

: | Becausé of. the split—plot.repeated/measures postrtest-only control.group

-"i_design utiliiéd in tﬁis study, sobjects took this test at different times.

¥
: However, whenever the test was taken,fit was taken at one sitting;._

..

an|

e ® ) 7{)
.
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Table 6 shows the means and standard deviations of _ ti{e_ scores on the four

addition, the table shows the percentage of the subjects in the EG'who

-~ correctly answered 5 or46 questons, 4 queétions and Iessithan 4 questions for

Airtﬁervario;sA;ri;;ioles: TaoIeA% presents the same data for the CG.
iABLE 6
EXPERIMENTAL GROUP MEANS. ANB MASTERY DATA ON FOUR. PRINCIPLES
' QF GONBi'fIONAI: LOGIC MEASURED BY THE CCRT ‘
_ Forward . ) S Contra-
Conditional’ Inversion ~ Conversion . . Positiomal ™ .
ME/BC | Mc T ose M - BE . Me/BC -

. — © ,"

_ Mean 31 % 1065 3.8 1.65 3.85 2.2
SO . Ll L&9:. L9 130 1.69 1.54
506 — - - :
Correct 15 L0 % 0 40 10

Z) - : S
. & Correct, 20 ° . 20 15 10 15 10 :
2 - - - s

- Less than L B

4 ‘correct 65 - 80. 45 90 4 80 ‘
2 ; e ‘

‘ . _-.») . . o . 3
Note. "MC" stands for material condd tional interpretation of ansyersz jgg:
stands for biconditional interpretation of answers; MG]BG" indicates that-
both intetpretations give the same résuits. : ~

< - 7\ “a
. . L\ )
=) : | )
35 :
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S . o TmlET S -

CONTROL GROUP MEANS AND MASTERY DATA ON FOUR" PRINCiPtES
- OF CUNDITIONAL LOGIC MEASHREB BY THE GGRT

Forward . ;lﬁ,”,, . - L éontra— - .
e Gonditionai .. Inyersion _ Conversion Positional _
_ N Mesc . we s wc - s we/sC
Mean - 3.19  .1.80 : 219 ‘166 3337 7T 2.33
Sb . 1343 1.47 -1.59 1.27 1.45 - 151
Correct 19 i . 0 10+ 0. 1§ o ®s ooosh
R &3 FUS e D : ) . S S - - .f
,:' . : ’ . i . ‘% o - o
4:Correct - 19 -, 19 14 10 .~ - 19° S '
(2) S R .
Less than L ._',3;, : ?_ : De
4 correct: 62 .- °. 8l . 76 - 90 . 62 81 e
. ' i DR i ‘
) C . e ) i ‘% -~ z

3:ﬁote:7 ne" stands for material conditional interpretation of answers* BC”’
stands for biconditional interpretation of answers' MCIBC" indicates tﬁat
bbth interpretations give the same results. .

o ”

Notice how dramaticaiiy better the EG does on the fallacy principles :

Arr Inversion,wa total of 552 satisfy k

.the necessaryacondition for mastery compared to 202 under the materiai
yl C-

conditional interpretatidn. For Conversion,'Ssz satisfy the necessary B

"condition for mastery compared to 10%. under the material conditional

interpretation. The results for the CG under the biconditional intg;pretation
:for the fallacy principles are less dramatic. For Inversion, 242 satisfy the

- ,‘ :
,necessary condition for master" compared to 192 under the material conditional'

. interpretation. For Gonversion, 38% satisfy the necessary condition for

mastery compared to IOZ under the material conditional interpretation.'f
S S R . ; <
peg - o : . : .

- x o

’.4 ) ;,i-' . ?j ;' \
: : i
' i
R -
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b.  Smith-Sturgeon Conditionai Reasoning Test 1?§ﬁ S %

e‘The other test used in this study to measure the ability to utilize
correctiy principles ‘of conditional logic was. the SSCRT. This test consists of .

-two parts. a house part and 3 chemical part. Each part was sephrately IS

*vadminigtered 1n a rahdom fashion to each child in the study. For both parts of

“the test, the tester must first determine whether or not the subject T;js

14 M -

understends the Fo£WErd Conditional principie before,the subject is “allowed t0*‘

S

!proceed with the test. Ail subjecfs understood this principle and all w%)e
allowed to proceed with the test." Both parts of the test measured Inversion, ;

eonversion, Contraposition and Tran.itivity. Transitivity scores were excluded“

_from the data analysis reported in’ this study. . §

A
£

Table 8 shows the mean and stapdard dev?ﬁtion scores for the EC on each

" of the three principies as well as the" percentage of the group ‘that answered 5.

‘or 6 questions correctly, 4 questions correctly and less than 4 questions LN
correctly for each principle..These data are presented for both interpre-

tation of the test question answer Table 9 presentsftheﬂﬁime data for the

Je o . e - . -
. - { “ Ks

'
S~ LT ,H-

Notiee that fbr both,the”experineptai and control gtoups, a sizable

'proportion dpes not meet thecnenéSsary condition for mestery. For both groups,

a

N'/ ‘



"TABLE 8

Vel
Ea)

o EXPERIMENTAL GROUP. MEANS AND MASTERY DATA ON’ THREB PRINGIPEES
' - - OF CONDITIONAL LOGIC MEASUREB BY THE S§CRT =

RS

5- 6 4 Less than

House Chénical Total (2) @ @
8 2.3 45 .20 ",‘:A7§”-
2.3 __ |

. ‘Inversion - : : R S R T —

T BT 75, L0 2.85 5 300 e

| “MC T 0,40 2015 . 2.55 15 e 75
- ] (0.60) (1.42) (1.73) S C
Conversion _ S e _

1.50  2.85°  15.0 25 60

Cbﬁtrg— MC/  0.65 © 3.5 4,15 35- 50 IEFTEE & S
position BC (0.875) ¢0.88) (laLS{Lﬁhwik“ S s

- - - - e LTy [
— ; - -

Note: "MEC" stands for material conditional i{nterpretation of ansvers; “BC"

el LD CroLIiol A;;ﬁ;.,‘: T Tl el I correct Correct t Correct S

¢

stands for biconditional interpre:ation of answers; MC/;Q? indicates.théf?f.i =

-?both interpretations give the same results. .
: Sl : L e s
. ‘_
) _
»
X v

’T ~~
2 Ts) — '
\® r'y] -
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| CTABLE 9 o o a
CONTROL GROUP MEANS ANng@ngnggggA ON THREE PRINCIPLES -

OF CONDITIONAL LOGIC MEASURED BY . SSCRT . ‘ e
a;/%% vfﬁﬁ iess than

House 'éhéﬁiaél %etai

Bl

MG 0.05 233 5387
. §0;22)- (1:24) (1i32):

- . Imversfon __ |
. BC L8l . L1k 295 s s g s
i} ] " } L | (0.60) (9.96; I (0 97) - . | ~ N ) . - B

s 0.8 1(1;az§;-‘(1 8 e

o pY LA S
R

L UBE U 1.3 2,05 0 348 2% . 38 3
T L S (0.87) (1.32) (1.75) S =

3
1
|
r‘\- '

| Contras ' MG/ 057 2,81 338 13 3 0 o 48
o position ~BC  (0.81) (1.25) (1 63) ' : ) L

_——— 5

L e—

ST - - ’ i -
ﬁj Note: "MC” stands for material conditionai interpretation of answers' “BC“-

stands for biconditional interpretation of’ answets, "MC/BQ, indicates that _'o

“both intetpretations give the same results. - S ST

ce _JCorrelations. LOGO Conditional Branch Statement and Principies of
. Conditional Logic . S

|

Table 10 shows the Pé&réon'?fodﬁct Moment correlations*between EG“éco es

<

{

!

i on the four.aspects (and totals) of the LOGO conditional branch statements '
{

;

measured by the LOGO COnditional Btanch Test and the four principies of

5” c0nditional logic as measured By the GCRf and SSGRT'under both the material
; - . : -.' R
g conditional and biconditional interpretntions. L ,Fv' o
| s ; ; 7 B . ;,; NI
i | ‘
| -~ i
!
L L
o "; tf:
. P o s
) G N
Q N N ¥

=
/
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' ) "TABLE. 10 .
$ 777777
' CORRELATIONS BE'IWEEN PRINGIPI:ES OF CONDITIONAL LOGIC
AND LOGO CONBH‘IGNH; BRANCH STATEMENT ASPEC‘I‘S
: . LOGO Conditionél Statement Test
Affitming Deﬁ?iﬁg Afiirming Affxrming
= _. . . . a a nbn o ucn—;total:
Eorward CCRT MCZBC -.1001- -.6839i jw =.0876 . - .- .1835;Jﬁ";,¢;z§§'
Cbnditional n _ L : N
o. + MC +2595 <2909 - <2060 -. 1330 . «231
CCRT . __ . - e
© -B€ - (08599 4620% -.1702 -. 1580 150357
T MC -~ .1683 0722 -.1263 ~ -.0722 -.019
£ SST-H __ o - | ,
= . BC. =.0170 =  =.0169 =-1124 -1070 -.087
=4 by T - N
Q : . L IR
Pt MC .=:1768  [1768. 0135 #2843 .0878
= SST-C _ : - i T
- .BC 0972 -.2188 -.2128 =.0243 -:139
— HMC  -.1136 1846 -.0248 261, .075
SST-T C - S - — L
BC - 40278 . =02134 -:2112 .0278 . - 143
. - - — o L
.. MC 1528 <2967 .2361 «2428 " .359
CCRT - L C P
" BC // .1597 .2509 -.1580. - -.3959: -.136°
T W . ,.2361 ~1574 0. 0393, . . .1445
§ SST=H E : : - -
= .BC -;4264 -. 2053 -.0830 ° -z ,2053 -. 180
# L . - _ 77'7‘ .
2.  MC,_ . .0578 .3552 -.1012. 2230 . .128
3. 8sT-C : L : B -
. 1. BC ~ =-,0921 - .4606* ¢ -.0968 . - - 1842 -.263
Tome,S .1291 .3466  -.0832 L1971 155 -
SST-T _— ——— o
BC :;2569 =:4375 . -1094 -.0486 -.277
— e W 355 T.4270 . 2671 =.25% =.4850%
U -1 ’ . ¥ N s
g Q : — —— - P —
87 SST-H MC/BC -.040% 1748 =.0077 091 : .ew;v, f\
"8 - _ S ST :
© &2 SST=C MC/BC -.1325 -  .1325 =139, 7. .5298%* : .1087
T 3 : PR
Note: "MC" stands for mate&ial cond{tional interpretation of answers; “BC"
stands for biconditional interpretation of answers; "MC/BC" indicates that
both interpretations give the same results. “CCRT" = Cornell Conditional
Reasoning Test; Form X. “SST" = Smith-Sturgeon eonditiongifﬁeasoning Test.
"-H" =:Houge Part. "=C" = Chemicai Part; "-T" = Totai. - Btatisti;ally
different from zero. ) - . i B
- ‘ - ) . “‘, 24 - PR
.. ; ;}fi . .é‘

r
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Es Hypotheses and Inferential Experimental_kesults .

statistically partialled out (analysis of covariance). Since there was no

ffof the question answers are identical for validity principles. Table ll,shows'

- " _ T =38- : o

Note that in Table 16, the only correlation total that we can say is

:significantly different from zero is the one with the CCRT Contraposition

principle and that one is negative. A1l other correlations between logical; L

principles and total EGGO Gonditional Statement Test ‘scores are not

,,,,,,

jjthe Pearson Correlation is 0. 666 df-18. See Roscoe (1959 Table A-ll).

Ny

We want to determine whether or not the EG was affected by any indirect
instruction in the four principles of conditional logic as a result of the

EOGO experience. Nlll hypotheses are developed for the validity and fallacy

‘principles. In all of the inferential statistics reported in this section,;*.

separate analysis was made with the pre- and post-test achievement scores

effect due to the partialling, the non-partialled statistical results are

reported here. Results ‘at the e 05 significance level are considered to be

A

pstatistically significant.

1. mﬁrimpm

.

Hypothesis 1. There 1s no significant difference between the

test measuring performance on this principle is scored under the material
conditional/biconditional interpretation. .

" The CCRI was used- as the\sole measure of this principlé. iééaii that‘the

-

: the results of the one—way analysis of varidnce that tests Hypothesis 1.

There is 1o significant difference bet een the experﬁmental and control

groups on the Forward Conditional principle under the material conditional/

Biconditional interpretation as measured by the CCRT. Thus, Hypothesis 1

'

Y
0o
I 4
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=39= 1

TABLE 11
) L
, ’ GNE-WKY ANALYSIS OF VARIANCE TEST FUR HYPOTHESIS 1
s .
Source = - f‘,; ss - . af o F % “
. Between Groups 6;0838 I . .0.0838 | . 0.041
" Within Groups 79,06 0 39 . 3.027 e
‘Total = - 79212 40
< L

H]pothesis:2;, here is o significant difference betﬁeen the.

experimentél and control:groups on the Contraposition principle when! tests

. measuring performance on this princ*ole are scored under a material

The CCRT and the SSCRT are two separate measures iuvolved in testing this

-~

7:hypothesis. These two tests were administered in a random order to all

Subjects. The tests were given a number of different times and subjects-were
"randomly chosen to: take ‘them. It was thus possible to test this hypothesis _
described in detail in Kirk (1968). Kodrof and Roberge (1975) utilize this

design in their experiment which used a concrete materials and a verbal form

-

s

d : i .
interpretations; as measured by the CCRT and the SSCRT. Thuk, Hypothesis 2 . -

- cannot be rejected. o | _;"

i

@
KA
o




TABLE 12

‘ SPLIT—PLOT REPEATED MEASHRES TEST OF HYPGTHESIS 2

" Source - S8 - -df S T T
Between Subjects 79.488 - 40 - = - =
Groups * - 2,737 1 C2:737 0 1:39 0 0.244
Errory . 76:75L 39 1.968 - -
- Within Groups 145.500 :&i o fjf. == =
' Weasures . ﬁ8.ﬁ02. 1 48.402 20.133 0.0002%
Groups X S S )
Measires - 3.337 | - " 3.337 1.388 . 0.2444
Errory L 93.761 39 2:404 - .-
A;V 7T6E&I ) ... A 224; éss | 7( gf‘ . -: . - I ’ : - N

Noteé-;,indicatés significance at the .05 level. _ . L

V
— v

2.: FallaczﬁPrincipies . .

e ﬂip&fﬁéﬁiﬁiﬁi.,There is no- significant difference between the
experimental and control groups on the Inversion principle when the tests
meaSuring performance on this principle are scored under the materiai

.

~

Hypotheais 3b. There isno significant difference between the o -

experimental and control groups on the Inversion principle when the tests

measuring performance on this principle are scored urder the biconditionaL/

,,,,,,,,,,,,,, o

interpretation. . o

_that was performed to. .test’ Hypothesis 2; was ntiiized here. Tabie 13 shows the. .

results for Hypothesis 3a and 'fabie 14 shows the reSults for Hypo,thesis 3blz]
: F
Table 13 shows ‘no significant results. There is nio significant difference i

between the two groups on: the Inversion principle under the materiai

conditional in:erpretation as meaSured by the CCRT and SSGRT. Thns, Hypotheris

=two measures used to test performance on this logical principle, nor 1s there

any fnteraction effect between the groups and tests under‘the material . -

-

E conditional interpretation.

S ve

[
Wa

[\
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Table 14 shows ;éigﬁifiééﬁé 'gr'oup's and intéré’c‘tian (grésupéméa'suréss R

effects. ‘The simple main effects analysis, presented in Tabte 15 along with

the means - presented in Tables 6 7 8 and 9, shows ' that the experimental group

'did significantly better on the CCRT Inversion items than they did on the

SSCRT Inversion ftems. And, the_control grOup did significantly better on the '

,SSCRT Iﬁ?érsion itéﬁs thanﬂtheyﬁdid on the CCRT Inversion items.

 Hypothesis 4a: There is no significant difference between the .
experimental and coatrol _groups on-the Conversioniprinciple when tests T.

‘measuring performance on this principle are scored. under the material
conditional interpretation.' ; : -

Hzpothesis 4bs There is. nd significant difference between the

'_egperinentalgand control - groups on the Conversion principle When the tests

. measuring performance on this principle are scored under the bicondttional
interpretation. .

hypothesis ﬁb cannot be reJected. There is no. significant difference betﬁeen

the two groups on the Gonversion principle under the material conditional

measures used to test this 1ogical principle under either ‘the material ' -

conditional or the biconditional interpretations. Finally, thére is no

interection effect betweenrthe grpups and-the tests used to measure

perforuancé on the Conversion principle under the' material conditional and - _

)..‘N_
N
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2T ¥ TABLE A3 L [ e

I oS
TEST OF HYPOTHESIS 3a

% . -

R ST, . . o -

Errory .. .-

Within Subjects
~ Measures

" Groups X 7 -

C 66,89

* 111.5Q0

| 106,046, -

66902 -

9:008 . 1 -

5.378 ¢ 1
. 8:0755 .. 1

kfﬁsf;;?‘.‘;; . F

0.008 0.0049 . 50,9429 -
1.715 - e

0.0277

e - s e

178402 © " 81

X

58

>

df !

SPLIT-PLOT REPEATED MEASURES TEST OF -HYPOTHESIS 3b

- "MS ' F ' P

*|

| TABLE 14

T

i

Between Subjects
Groups -
‘Errory’

.Within Subjects
Measures
Groups X .
_Measures -
Errory

89.195

11,63 . 1

77:561

111.5000

0.1097

0.0192%

0.8285

0.0173%

Total

200,695

81

Ny

28787

Note: * indicates a signlficant result

o .
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Source

ANALY;IS OF

-

43~

TABLE 15

smpw ‘MAIN

EFFECTS IN IABLE 42

Eétween'Sﬁbjecté";

;at CCRT

e

Between Groups

at SSCRT

Within Cell

, Within Subjects

Between Measuresi

at.EG

BetweeneMeasu

o at CG

4

és

o

- Meas: X Snbjects '%'

- with Groups

R

. 96:379 . 39

0.107

0.0286

336

218

1501

247

" 136+

.88%

" 6:073

Tbtal

-

P

"-200.695

\';'
,79

the: * indicates significance at the 0.05 1evei.

TABLE 16 R R
o §§i.ﬁ-§iéf REPEATED MEASURES TEST OF mromzs:s aa
Jource . ss s Y T p
e Lo - -
. Between. SﬁBj§EE§ Qiz 49 40" - - -
Groups . 0.60- L 0.60 0.305 0.59
Errory ;. ¢ : 26 88 B 3%51 1.97 ] - -

 Within é'rb’iii.é o

G:Oups X .
Measures -

$123.50

10.25,

0.725 -

112:52

Total 260,98 81 . = = =
Ary .
Lo e

P

Al
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ek R TABLE 17
\ ' ‘ B} N
SPLIT—PLOT REPEﬁTEﬂ NEASURES TEST OF HYPOTHESIS 4b -
- N R . - f I — : -
; Source . 8§ - dEN. - MS F 5
| Bééae;n Subjects 133 78 . 40 = . —
“Groups " "o, 061 - 1 0.061 0:018:  :0.889 - 4
- 133 7239 . 3428 —_— A=
iuthiii.cf”f’_é 91.50- 61— = iR
Measures 0352 1 3.52 ; 1 69 . 0.198
Groups X B T B o o
MQKiUreS © .. _6.69 I 6.69 3 21 T . 050775 o
. i, O . @ ) B . . ?VV?‘ Lo .0,, . L .
Total 225,28 . 8t - N
B - _;‘ . ' B : - '
F:  Summary ° L B . o
- - ) ‘ T E S

The inferential statistical results for the hypotheses generated for the

.- J‘

principles of conditional logic are summarized in Figure 10. Note that only

: rejec . Here, therefis a significant eff ct favoring the experimental '. 5.{_

-,

o - - N . N

The table also shows that for the. Gontrapositon principle, both groups {ﬂf

' Vdid significantly better on the SSCRT than they did on the CCRT items. Aiso,

lgffor the Inversion principle under th% biconditionsl interpretatton, the R
experimental group did significantly better on tre CCRT items than they did on
,;the SSCRT items anﬂ the control group did eignif cantly better onfthe SSFRI
.
itens ‘than th ) & & on the ccm: items.27 S ‘|
5 o
' o i : ..il'
. . s . \
40 'J. .i 3
. 8




PR : * 3 s
Statistically Signifiésﬁt Results
(at the 0 05 level)
. LT o , - Interaetigﬁ_
. . Refect o - (Groups X
( T Hypothesis  Groups . !ﬁésiii:EQ ~ Measures.
. .;;.':l- : - :
SR ;
.. we. - C . _ :
M) O Q i _ L o -
®.33. 2  Hypothesis no . .. ‘0.8, - me@. - meas
& BZ 8 RIS | | L
O mE ! > &
= 9
= ()
g
R
RO -
> @0 s : v
=5 53 g Hypothesis - . -mo - nss sig.
8 Ew.. o5 Hypoé?es 8 - : ‘no 2. n.sf . sig. N:Sa .
N .88 g 27 . (for SSCRT) '
§“¥ =N e . ! . .
o : N S _ S v
. '~: S : Q Hy”thesis i nR s NeSe. " ﬁoSo . . n.§.
’ . . . 3 N
s e 3 L
i 0 . .
P e
PR 4] —_
2] | T ~
. a
Bl __& Hypothesis - yes, ! sig. . sig. sig. '
= - 3B, ‘(for EG.  (for EG - -
2T . : o ‘on 'CERT) on CCRT:
= . and for .
e i _ ‘ . CG on SSCRT)
3 T E - . . .
a-t : e l’;':- -
o o Bypothesis  ¥po 0.8 m.8. f.s.
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' CONCLUSIONS AND DISCUSSION -
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A. Conclusions Do C o S | .. f~,
. —_— : : . : ©y ;.«";“- N SRR - )

Since there was no attempt to ascertain the subjects interpretation of

the logic conditional statement or the LOGO conditional branch statement, "the
question specifically addressed by this study is: how does the EGGG experience

' affect experﬁmental group performance on tests measuring understanding of the.

four conditional logic principles, when the measures of these principles are

scored in a material conditional and a biconditional manner?

V

‘In audition, the study sought to determine whether and how a specific

.

part of the LOGO computer ianguage, the‘conditional branch statement, affects

logicai performance. Aiso, the study examined standardized achievement test
écores to see if they were affected by participation in the LoGo experience.
Clearly, the strongeet kind of evidence is that provided by inferential

- statistics. The nferentiai resuits in this study snow no statistically : .f;f

bd

significant difference ‘between the experimental and control groups on any of

\.
the logical principlea when the test items were scored in the traditionai

"rescored under a biconditionai interpretation 1t was f0und that the

v

experimental group did significantly better than the control group on. the
Inversion fallacy principle. ?f" SR . k . ‘_v,v E E
Thus, assumiog that subjecs ﬁféﬁfééﬁiagié&i conditional :s;.atements:"in ~

a biconditionai manner, the EOG@ experience significantly impfoved the'

experimental group's performance on the Inversion principle oé\COnditional

logic.

!

Y
SRS

-
4

|
o
4




47

Ly

C e i P

Following Ennis and Panius (1965), two levels of mastery of logical

’ ‘pigncipies were examined. To meet the sufficient condition of mastery, a '

) ject must score 5. -or 6 correct answers out of a maximum of B;fgr a

-~

Sprinciple. To meet the necessarg,condition of mastery,.a subject must score at
least.4 correct answers out of a maximum‘of 6 for a principle; Tabies’b— 7,8

;aa& 9 contain data on mastery. For all but the Forward Conditional and the.
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‘percentage offcontrol and experimental group subﬁects achie ing the sufficient
condition of mastery were equal but the experimentai groqp had a higher

i 'percentage achieving necessary condttion mastery. R .~

Apositive non—zero correlation between the Inversion principle (measured by the

CCRI and scored under the biconditional interpretation) and the 'denying the

antecedent aspect of the EGGO Gonditionai -Branch Test. This aspect. of the ’

fEOGG conditional branch statement ‘can be viewed, because of its semantics, as

~—

Branch Test that most closely mirrors iogicai inversion has a significant

~positive correlation with performance on the InverSion principle itself. There
;- . -

are other Significancly non-zero correlations. . Vg
S - = o A . S
B Dlseusston .. . ¢ Q,

‘The inferential statistice Suggest that the LOGO experience is Inversion

'specific, when it is assumed that Subﬁects interpret the Iogicai conditionai
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- positively and significantly with the Inversion principie under the )
s R 4 _ S
biconditional iﬁtefpretatioﬁn ._] ; : l ij; "{ﬁé@ T R

vt

|
Y o

it thus appears that some learning did occur on a principle of-

) conditional logic as a result'of the LOGO experience and perhaps Beéansé_of
learning an aspect of the EGGG conditionaf’hranch statement. The résnlts éiga*

suggest; that in the absence of any other significant inferential results, o

. tOGO is Inversion specific, i.e., effEcts only Invérsion significantiy under a\

o._ .‘

_means learning the material conditional interpretation,~then the resuits of

;this study sugges that the LOCO experience provides incorrect ;ndirect‘_
t tos

instruction in “one princfpte of conditionai logic. Inversion.

ZM‘

S

I

The goal of thiszstudy was quite limited. It set Qut to see uhether the :

-

- interpret the: conditional statement tn a material conditional manner and :

squects who ntilize a bi onditional interpretation)‘_z two tieasures of each

'1ogica1 principle.

‘\

interpreters who have had the LOGO experience and material conditional (or _

o

_ biconditional) interpreters who have not. had-the expeg&ence.

1 focused upon thevLOGO conditionai branch statement because it seemed to

. be syntactically and semanticaliy closest to the conditional statement.
-
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.;ZPerhaps other aspects of the LOGO language might correlate significantly with

conditionai statements. Two possible candidates are mastety of computational ‘:J

v

.
procedures require LOGO conditional branch statements, othets have no Such

[

requirement. Computatf

,"a.

statement interpretatious the experimental subjects used. Aud since it was not

jknown how subjects interpreted the conditionai statemeﬁt, we could not ask and

S
- N
Wi
ﬁ
)
t'f
= ol
e
3
¥a]
[~
[
-
[n g
T,
[}
j=1
m

§
1) does a particuiar 1ogica1‘§

and of itself; affect the subsequent
branch statement for a subject who?

-3

2) does a particular LOCO conditional branch statemeﬁt interpretation, in

and of itself, affect logical éonditionai"reasoning performance’

.’_

that if"ubjects intetpret tﬁe condit nai tatement 1n a certain manner (and
,- — ,r

o /
we score the questions appropriaéely) then the LOGO experience has snch and !

7 conjecture thatsii Bubjects interpre' .i

1

such effects.az;/additioﬁ, we/can onlj

statement 1@,8-CQFC8 n manner, andeifrsubjects interpret tbe/ ™~

A5l
ARl A o

. the condition

'Looo conditio' _ branch statement i

'a certain wa¥y, then suchfandzsuch,resukts

-

might appea

v
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‘affects the principles of conditional logic is an. experiment where two - ;§:¥§s

.- sald to have perfect content validity with o need.for an ss ”ent of

construct validity. .-

.;:generalized to. the. extent to whieh the school and the fifth graders are

e T

,,fglearn LOGO. One group—learns the LOGO conditional branch statemenq\ the/other

' sample groups within the fiﬁth grade in the school. The two measiures used to-”
. .¢

._.\_ .-.‘

validity (Ennis and Paulus, 1965 Ennis, 1969) The LoGo Gonditionai Branch '

Test . merely mimicked a terminai session with the tOGO system and can thus be

o

Whether or” not the—school inyolved in the study is representative of any

~

national average is diffiéﬁit to say and is beyond the -sgope of this study.to :i

detennine; Thus; it is safe to say that the conclusions of this study can be

' -',' W

standard condftional statements might not be warranted. ég --é;oiﬁ.-)

There are implications-bf;t is tudy which depend to SOme extent upon the

s

extent to which the results can be generalized. For instance, it is ‘sometimes -

k.tr

said that learning computer programming influences (usually improves

logical reasoning abilities. This is a frequent argnment heard for the

P

iyincorporatton of computer programming into schoql curricula and into ‘thé home s

o

as an educational tool: . : o

I ol
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Clearly this study does noE support this’ argument to any great eftent. It

-

In addition, this. study uncovered evidence that the control group, which

di d not leern LOGO programming, improved significantlynon reading achievement

' Scores. - The experimental group showed no such_improvement. This was the only

Vg
-

difference observed between the two groups in achievement measures. There was

,gno way to detetmine whether this phenomenon was due to the LOGO experience,

per ‘ Perhaps any group removed from the regular ¢lassroom for 30 ours over - -

suggest s broader question does learning a Computer programming ianguage have‘

-unintended side effecPs in the achievement c?gnitive and affective domainS’

If S0, - what are they’ "‘" - - f, I .

S hope that; this study has paved the way for future improved studies that

> - e

°

-2 ww
R Z

: incorrect perfbtmance on'measuriug instruments and that interpretation of

Lo

;effects oﬁ-learning computer languages.on the understanding“end.utiiization ofj,

PRI

logical principiess

4
n
-

gl

o will address these and other questions associated with learning computer fﬁ?f

:statements is an- impdrpsnt consideration when evaiuating correct and S {i;df
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1s - The latest in a long line of professional society reports on'this matter

1s thé National Science Foundation sponsored study -done’ by the National

:Council of Teachers of:Mathematics : ‘(Osborne, 1980) Professional and lay .

populations surveyed agreed that problm solving should serve as a focus for

' the mathematics curricula of the 1980's. Over 95% identified problem solving

| . as the development of logiealrreasoning and thinking.

2. Ennis (1962, 1969, 1975 19%§), Smith (1957)7gnd7Kneller (1966), for
. instance, present -strong.. arguments for. ‘this connection. The Osborne (1980)

.Study lends additional empirical’ upport to this point.of view. There has been

- precious little research addressing the effects of learning computer :

programming on problem ‘solving: See Clement, Lochhead and Soloway (1979, 1980) -

“-Jand Soloway, hochhead ané Clement (1980).

.30 1 do. ot mean ability to understand symbolic logic as logicians do.eQuite

';;the contrary. I mean the ability to understand logical principles as reflected _
i everyday ordinary-language usage. X : . R T

.:4' See the Nation31 Science Foundation sponsored technology as sessméﬁt.af -
sgnal computers (Nilles, 1980) . : o

5. This phenomenon hds been described by Green, with Ericson and Seidman

(1980) within a theoty of the logic and behavior of national:educatiomal

:i:'_’_-systems. For example, Carnegie-Mellon Hniversity is making’ plans for all of

séﬁgudents -to’ have thcirfonnipersonai computers by the year 1986 The theory

, "downward drift of the curriculum” predicts. that- it won't be very much .
-longer before nigh school students will have their own computers too._; S

o

,,,,,,,,, . ;

' instruction in logical principies. Gﬂill 1960; Ennis and Paulus; 1965; Ennis,_

1969; Bergonsky- and Ondrako; 1974; McAloons 1969): & reséarch review-by &

'Seidman- (198Da, 1980b) summarizes these and other studies on logical reasoning}

' ability. Hany of these stu&ies suggest that the teaching methods/media were fi”

. - i B e . T . .

'7. o For a highiv abstract diséussion -of: explanatory statements: and causal

'*reiationships, see Chapter III (" Causality and Causal Explanatfon™) in von :

P E

'?Wright (1971). A .broad collection of writings on conditionals and camsation
_v'can.be found in Sosa (1975) Scientific .thinking and problem solving 1s
' hypothetico—deductive in ‘nature (?iaget, 1957) and has as its central. core, a

logicdl framework:.For instance see Inhelder and Plaget (1958). Hunt (1961)

- suggests that .certain conditions might constitiute 3 "match” between learning :

situations and learner so as to _promote a more rapid transition between -

-?iaget%gn stages than would ordinarily occur. Consider the transition from the_v

~.concrete to formal operations stage of cognitive: developments:.Does computer -
programming constitite such a "match” ‘since it can- ‘be viewed as the concrete

manipulation of abstract pr0positions9 This notion is discussed in Seidman
'(1980a) ;

any
L
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8. See Nilles (1980) for a téhhnology assessment which includes such a

" forecast.

. §;- One need only examine TRS-80, Atari Apple or PET microcomputer

;14~advertisements -to-detect—-this-type-of- pppeal. See, for'example, TeHaEs -
Journal 8 2; February 1981 ~ . .

i
i

bibiliography of computer literacy papers.

ll. The study reported in this paper is part of a larger stnﬁy by Seidman
(1980a) . .

"12.' It is sometimes argued amongst 1ogicians that. the if-then conditional is
not a'logicai truth—functional connective (under the material conditional

~

' conditional statement are not required ¢5 be related, that - -any conditional

statement 18 true .with a false antecedent and that the interpretatioa takes no

'cognizance of the subjunetive mood (i.es:,; contrafactual conditionals) DéLong

(1970, 99). makes ‘the point that despite the above objections, the "ultimate

justification for the material conditiomal truth-functional interpretation of -

the conditional statement "... is pragmatic, it has proven very effective in

(rather than the assertion ‘of a conditional) and that should the antecedent ~
turn out to be false, it is as if the assertion was .never made. °

7
13. The names for these principles are fr0m Ennis*and ?auius (1965) and are -

\

 not- the same names that logicians use. For example, the Forward Conditional

principle is cailed modus ponons

16. I use the word standard to distinguish the. conditional branch statement
illustrated in this Section from-a variation introduced in another .Section.

" BASIC, the most popular -and. prevalent higher-level mdcrocomputer language
contains this type of statenent. (E g+> IF A=C THEN GOTO 20) .

:_ 15. For instance, seeiAtGOE LOGO PASCAL and even newver versions of FORIRAN .ﬂ
An example from LOGO' ‘ .A-'C THEN GOTO 20 ELSE .Xi%Y + 1. v _ :

16. - See. Seidman (1980a).. e e e

: 17 Throughont this analysis, I have refered to . two possible interpretations ',

of ‘the logical if-then conditional statement: material conditional and the’

biéonditional.lihese are logical interpretations. However, there is some .

. evidence that':the conditional statefment is interpreted inm a non-logical
manrer. In’ a review of over 40 research studies spanning the last twenty.

.years, Seidman £1980a) shows that a developmental thread of biconditional-like

transductive reasoning runs through much of the iiterature on logical :

reasoning. Eowever, transduétive reasoning. perfomance (which is non-logfcal

Teasoning) is. identical to biconditional reasoning (logical reasoning)s

" Seidman ‘posits that this may be why transductive _reasoning 1§ so hard to
detect. A good example of transductive reasgning ‘regseargh can be found in o

Knifong (197&) Also, see PIagec (1926 1928) on transductive reasoning.

I -
A .

o
I
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© .18, See HcCarthy (1960) for an exposition of LISP.

léi Seymour Papert, one of the inventors of - "LOGO, 1is a leadidg proponent of

this view and of teachingﬁLOGO computer programming in grade school. See.

. ;;_Papert ( 1980)_ = ‘A_A R, _.,,IA_, : ; '

- ‘.

'203 For instaice. how are we. to know whether incorrect answers under the

, material conditional scoring scheme that turn out to be "correct” answers

under the.biconditional scoring scheme truly represent a biconditional

interpretation of the: logicai conditional statemient? After all, .this result

could very well be due to a non-logical phenomenon, such as the matching

bias” posited by Evans (1972) or transductive reasoning posited by Seidman
(1980a): Similar problems are encountered in trying to determine the
'intErpretation of the conditional branch statement.. Seidman (1986a) has tried

to do this in .an indirect manner.
21. Also, see Kerlinger (1973)
- 225 A review of this literature can be f0und in Seidman (1980&)

23. The LOGO Turtle is -an electromechanical robot that is directed by<t
LOGO program- to @ove about the floor. It can move forward, backwards and turn
-about its mid-point upon command: A pen in its beliy tan be lowered and rai®ed
thus giving the Turtle the ability to leawe "Turtle traces." A graphical .

‘version of the Turtle is also available ‘but was not used in this study. A new
geometry has been developed around the land” and graphical Turtle. See

Abeison and ‘diSessa (1980).

-

“245 Numerous instruments haﬁe been-developed since 1960, including. Hill
.~1960;. 0'Brien and Shapiro, .1968; Ennis .and Paulus, 1965; Ennis, 1969; Peel
1967; Taplin; 1974; Paris;" i971' Roberge and Paulus, 171; Howell, 1967;

Gardiner;, 1966; Paulus, 1967; Martens, 1967; Miller, 1968; MCAloon, 1969;
Carroll; 1971; Ryoti, 1973 Flener, 1974; Kodrof and Roberge; 1975; _Antonok

.and Rﬁhérge, 1978. Most. post-1965 _measures take Enqis and Paulus (1965) as

their models ° | _ o .
) N . ;. . ,
The two scoring methods are independent of one another since an “I don't

_know, not enough information given response was one possible angwer - out of
three. . o

..26: Peel (1967) found similar results on a ?érv different kind . of reasoning
:testc-, e : : . -

N

_ respect to- content of logicai statements. See Seidman leSOa)
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